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Integrated circuit testing 



The present invention relates to the field of integrated circuit QC) testing. 

During &brication, and particularly at the end of a jiroduction cycle, an IC is 
5 tested to ensure its quaUty and functionaKly. at any point during Ihe production cycle, an 
IC is found not to ftinction correctly, or has operating parameters which fell outside specified 
ranges, it may be discarded in order to save time and money. 

Such tests must be che^ and efScient, and must use as Utile specialized test 
equipment as possible in order to minimize test costs. 
1^ ^ addition to tests to determine fimctionality, other tests are also performed in 

order to ascertain certain operating parameters of an IC such as Tngifiirm tn and mmimi iTn 
operating voltage and/or temperature, and maximum and TninimiTTy^ applicable clock 
fi:equencies, for example. 

These tests enable the •characterization' of the IC, and are also performed with 
15 ejqjcnsive test equipment The characterization enables the specification of the IC product to 
be readily available for a consumer, enabling them to determine a device's suitability for a 
particular application. Any characterization carried out must, therefore, be correct, and is an 
important part in the production cycle of integmted circuit devices. 

Due to costs, not every IC is characterized, however. In the current process 
20 technologies this is still acceptable. In future technologies, however, the process spread will 
increase in such a way that dies on a single wafer will get different physical parameters, and 
therefore characterizmg every IC will become mandatory in order to ensure a good quality 
product In this case, characterization must be cheap enough so that it may be able to be 
applied to every IC. 

25 Figure 1 shows the results of a typical characterization process carried out 

using ejqiensive test equipment. Figure 1 is a so-called 'Shmoo plot', which shows a 
characterization of the firequency of an IC versus supply voltage of the IC in question. 

Specifically, a Shmoo plot, as exemplified by figure 1, is a gr^h ^ch 
rq)resents how a particular test passes or fails when parameters Uke fiequency, voltage, or 
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temperature are varied and the test is executed repeatedly on the IC in question. The sh^e of 
the failing region is meaningful and helps in determining the cause of the feilure. In the 
Shmoo plot of figure 1, a pass is shown as a white square, and a fail is shown as a grey 
square. A Shmoo plot of a normal circuit operation shows better high-firequency 
5 performance as supply voltage increases, as shown hi figure 1. 

In order to make characterization tests viable, they must be performed quickly, 
and utilize as little test equipment as possible. However, as mentioned, due to increasing 
process shifts (even on a single wafer) for new semiconductor IC technologies, a 
characterization test is unlikely to produce the same results (i.e. operating parameters) for 
every IC. However, in order to ensure low production costs, it is not practicable to separately 
characterize every IC at the end of its production process using the test equipment 

US 2001/0035766 (to Nakajima) discloses a method and a device for 
providing a characterization of a device (or product). The Nakajima document discloses tbat 
the m^od may be implemented into an IC test device. This embedded device is separate 
fix)m the ^vice to be tested, however, and therefore does not overcome the current 
characterization problems as the method and device of the Nakajima patent is directed 
towards the characteri2ation of anotibier device. 

There is therefore a need for a method and system yiMch is able to provide 
cost effective and space efficient characterization of ICs and which obviates the need for 
separate, 6>ipensive and/or extensive test equipment, and which provides reliable 
characterization data for each IC. 



10 



15 



20 



According to an aspect of the present invention there is provided a 
25 semiconductor device characterized by an integral characterization unit operable to provide 
characterization data for the device. 

According to an aspect of the present mvention there is provided a method of 
characterizing a semiconductor device comprising a fimctional device characterized by 
providing an integral characterization unit in tiie semiconductor device, and obtaining 
30 characterization data firom the integral characterization unit. 



Figure 1 is a Shmoo plot for a device under charact^ization; 
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Figure 2 shows an IC arciutecture according to an aspect of the present 

invention; 

Figure 3 shows an IC architecture according to another aspect of the present 

invention; 

Figure 4 shows an IC architecture according to another aspect of the present 

invention; 



Figure 2 shows an IC 201 having an architecture according to an aspect of the 
10 present invention. 

A supply voltage and clock signal of the IC 201 are controlled hy a voltage 
controller 203, and a clodc controller 205 respectively. Accordmg to an aspect of the present 
invention, the voltage controller 203 is operable to provide a variable voltage supply to a 
device under characterization (DUC) 207, ^Ist the clock controller 205 is operable to 

15 provide a variable clock signal to the DUC 207 (i.e. a clock signal with a variable period). 
The controUets 203, 205 may usefiiUy be described as ^characterization parameter 
controllers' to describe their fiinction as controllers which are operable to control a 
characterization parameter of the DUC 207. 

A test interface is provided in order to supply instructions to the controllers 

20 203, 205. In the implementation of figure 2, a hardware or software controller is available 
outside of the IC 201 m order to execute a characterization. Test stimuU are applied to the 
DUC 207 estemaUy through an interfece. The clock controller 205 is also operable to output 
the clock signal firom the IC 201 in order to synchronize the test stimuli and responses thereto 
to the external world. 

2^ Specifically, the implementation of the system of figure 2 requires a test 

interface which is operable to provide the voltage controller 203 and the clock controller 205 
with the required parameters in order to start a characterization process. The DUC 207 is 
provided with the test stimuli firom an external hardware or software source through a further 
inter&ce. 

The DUC 207 provides the functionality of the IC 201 , and all other parts of 
the IC 201 such as the voltage controller 203 and the clock controUer 205 are ancillary items 
providing test fimctionaUty on the IC 201 in accordance wifli the present invention. 

The combination of supplying test stimuli and variable voltage and clock 
signals via the voltage and clock controllers 203, 205 respectively allows the DUC 207 to be 
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characterized with respect to the parameters controlled by the controllers 203, 205. In the 
example shown in figure 2, the parameters used to perform the characterization are therefore 
voltage and clock period. It will appreciated, however, that any parameter suitable for 
forming a characterization of a DUG 207 may be controlled by the controllers 203, 205. 
5 In this manner, IC characterization may be performed 'on-chip', thereby 

providing a built-in chip characterization (BICC) system. 

Figure 3 shows an IC 301 having an architecture according to a second 
embodimwt of the present invention. A device under characterization 303 (DUG) is 
sutronnded by built-in self test (BIST) hardware 305 tibat is operable to generate test stimuU 
10 and observe the responses. The use of BIST is well known in the art. The present invention 
is not directly concerned witii BIST, and this will not therefore be described in any further 
detaiL 

A supply voltagp and clock signal of the IG 301 are controlled by a voltage 
controller 307, and a clock controller 309. As in the previous embodimmt, voltage controller 

15 307 is operable to provide a variable voltage supply to both the DUG 303, and the BIST 

hardware 305, whilst the clodc controller 309 is operable to provide a variable clock signal to 
the DUG 303. The clock signal is also supplied to the BIST hardware 305. Both the 
controllers 307, 309 are controlled by the use of external software or hardware control means 
(not shown). The controllers 307, 309 receive data through a test interfece of IG 301 . 

20 As before, the DUG 303 provides the fimctionality of the IG 301, and all other 

parts of the IG 301 such as the BIST hardware 305, the voltage controller 307 and clock 
controller 309, are ancillary items providing test functionality on the IG 301 . 

In the implementation of figure 3, an external hardware or software controller 
is used to execute a characterization process. Test stimuli are generated internally via the 

25 BIST module 309. The test results are output through the test interfece. 

In a similar manner to the system of fiigure 2, the controllers 307, 309 are 
operable to vary a characterization parameter of the DUG 303. For each value of the 
characterization parameter, a test is performed on the DUG 303. In this manner, 
characterization of the DUG 303 is performed, the results of which are output fiom the IG as 

30 explained above. The results may be used to generate a Shmoo plot similar to that shown in 
figure 1, so as to provide a characterization of the DUG 303 with respect to the parameters 
controlled by controllers 307, 309 (i.e. voltage and clock period respectively in the example 
of figure 3). 
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The icq)lementatio]35 of figures 2 and 3 provide BICC fimcdonality, but 
requires the use of an ertemal (to theIC 201, 301) software or hardware. Inlliis way, IC area 
may be saved as an internal ^obal control module is not required. 

Figure 4 shows an IC 401 according to another embodiment of the present 
5 invration. In figure 4, the BICC system comprises a voltage controller 403, a clock 

conlroUer 405, a DUC 407, and BIST funclionaUty provided by BIST hardware 409, similar 
to that shown in figure 3 . 

A test interface is jirovided in order to si^ly instructions to a global 
controller 41 1. In one method of operation, the global controller 41 1 receives aprompt 
10 through the test inter&ce in order to start a charactmzation process. The prompt can include 
a request to the global controller 41 1 to begm the process, and can also include the 
parameters of the chip 401 that are to be characterized during the process. 

Upon reception of this prcnmpt data, the controller 41 1 is operable to vary 
certam parameters of the chip 401 via the use of the controllers 403, 405 (which in this case 
IS control a voltage and clock signal respectively). 

Specifically, the global controller 411, after having received the necessary 
prompt and characterization parameters through the test interfece, is operable to vary certain 
parameters of the DUC 407 via the use of the controllers 403, 405. In the example shown in 
figure 4, controllers 403, 405 control a voltage and clock signal of the DUC 407 respectively, 
20 and wiU therefore enable a characterization of the DUC 407 to be performed with respect to 
IC supply voltage and clock firequency. Such a characterization is usefidly depicted in the 
form of a Shmoo plot as desoibed above with reference to figure 1 . 

The global controller 41 1 is operable to program the controllers 403, 405 
repeatedly so that a * virtual' Shmoo plot may be generated. 
25 The implementation of the present invention as exemplified by figures 2 and 3 

also advantageously enables the generation of a 'virtual' Shmoo plot, but instead of the 
global controller providing the characterization parameter controllers with data, this is 
provided tiirough a test interfece ficom software or hardware. 

If BIST is used (figures 3 and 4) in the characterization process, the Shmoo 
30 plot will only have pass/fail information. Ij^ however, no BIST is used (figure 2), the Shmoo 
plot may also contain the number of faults per test. In general, however, the virtual Shmoo 
plots as generated by the characterization process of the present invention are tiie same as 
those generated using external test equipmenL As is necessary for Shmoo plots generated by 



PHNL030806EPP 



6 08.07.2003 
the test equipment, external software is required in ord^ to be able to view and evaluate tibe 
Shmoo plots. 

It will be appreciated by those skilled in the art, that althou^ the present 
invention is being described with reference to voltage and clock controllers, any suitable 
parameter of the DUG 403 may be controlled by controllers 403, 405. The use of voltage and 
clock controllers is not intended to be limiting, and is merely included in order to better 
explain the inventive concept and particular advantages brought forth by the present 
invention. 

If there arc memory modules 413 available on the IC 401, it is possible to save 
the generated Shmoo plot in memory so that it may be read out at the end of the Shmoo plot 
generation. This will enable the characterization process to be sped up ^ce clock/voUage 
data will not need to be output jBx)m the IC following every measurement qrcle. 

It however, no memory modules are available, characterization information is 
output directly via the test inter&ce. 

It will be ^preciatedby those skilled in the art that the examples given above 
with reference to, and as shown in figures 2 to 4 are presented in order to better explain the 
inventive concept embodied by the present invention, and are not intended to be limiting in 
particular, it will be appreciated that alternative implementations of the present invention not 
egqplicitly mentioned herein are possible. Specifically, the exact nature of tasks performed 
on- and off-chip (which dictates the number of control and test modules present on the chip) 
may be varied in order to suit a particular application, or to save chip space, for exanqple. 
The implementations explained above with reference to the figures merely, therefore, present 
three specific examples of IC architectures according to the inventive concept of the jiresent 
invention. 
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CLAIMS: 



1 • A semiconductor device (201) comprising a functional device (207) 

characterized by an integral characterization unit (203) operable to provide characterization 
data for the device (201). 

5 2. A semiconductor device (201 ) as claimed in claim 1 , wherein the integral 

characterization unit (203) is operable to provide a control signal to control an operating 
parameter of the device (201). 

3- A semiconductor device (201) as claimed in claim 2, wherein the integral 

10 characterization unit (203) is operable to provide a control signal to control a voltage supply 
of the device (201). 

4. A semiconductor device (201) as claimed in claims 2 or 3, wherein the integral 

characterization unit (203) is op^able to provide a control signal to control a clock signal of 
15 the device (201). 

5- A semiconductor device (201) as claimed in any one of claims 1 to 4, wherein 

the functional device (207) is operable to receive test data. 

20 6. A semiconductor device (201) as claimed in claim 5, wherein the fimctional 

device (207) is operable, in response to said test data, to produce a test response. 

7. A semiconductor device (201) as claimed in claim 5 or 6, wherein the 

functional device (207) is operable to receive a control signal ftom said integral 
25 characterization unit (207). 



8. A semiconductor device (201) as claimed in claim 4, vdierein the integral 

characterization unit (203) is operable to provide the clock signal externally to said device 
(201). 
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9- A semiconductor device (201) as claimed in any one of the preceding claims, 

comprising a test interfece, and wherein the integral characterization unit (207) is operable to 
receive data through the test inter&ce. 

5 

10. A semiconductor device (201) as claimed in any one of the preceding claims 

further including software control means operable to provide control data to tibe integral 
characterization unit (207). 

10 1 1. A semiconductor device (201) as claimed in any one of die preceding claims 

further including hardware control means operable to provide control data to the integral 
characterization unit (207). 

12. A semiconductor device (201) as claimed in claim 10 or 1 1, wherein the 

1 5 control means is operable to provide control data to the integral characterization unit (207) 
through a test inter&ce of Ihe device (201). 

13. A semiconductor device (301) as claimed in claim 5, farther including built in 
test hardware (305) operable to provide test data to the functional device (303). 

20 

14. - A semiconductor device (301) as claimed in claim 13, wherein the built in 
hardware (305) is lEEB 1149.1 compliant 

15. A semiconductor device (301) as claimed in claim 13 or 14, comprising a test 
25 interfoce and wherein liie built in test hardware (305) is operable to receive test data through 

a test inter&ce of the device (301). 

16. A semiconductor device (301) as claimed in any one of claims 13 to 15, 
wherein the built in test hardware (305) is operable, in response to said test data supplied to 

30 said functional device (303), to provide test response data. 

17. A semiconductor device (301) as claimed in claim 16, wherein the built in test 
hardware (305) is operable to output said test response data from the device (301). 
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18. A semcondiictor device (401) as claimed in any one of fliep^^ 

furliier including a memory module (413) which is operable to store characterization data of 
the device (401). 

5 19. A. semiconductor device (401) as clauned in any one ofthe preceding claims, 

furliier includiug a controller (41 1) which is operable to provide control data to the integral 
characterization unit (407). 

20. A semiconductor device (401) as claimed in claim 19 when appended to claim 
10 13, wherein ihe controller (41 1) is operable to provide control data to the built m test 

hardware. 

21. A semiconductor device (401) as claimed in claim 19 when fended to claim 
18, wherein the controller (41 1) is operable to communicate with the memory module (413). 

15 

22. A semiconductor device (401) as claimed in claim 19, wherein the controllra- 
(41 1) is opnable to receive data ovOT a test inter&ce of the device (401). 

23. A method of characterizing a semiconductor device (201) comprising a 

20 functional device (207) characterized by providing an integral characterization unit (203) in 
the semiconductor device (201), and obtaming characterization data fiom the integral 
cbaiacterization unit (203). / 

2"*' A method as claimed in claun 23, fbrfher comprising providing a control 

25 signal to control an operating parameter of the device (201). 
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ABSTRACT: 



A sj^tem and method for providing a built-in characterization of a 
semiconductor device. The device is provided with a built-in, integral, characterization unit 
V(^ch allows characterization of die device without the need for external test equipment 
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